Patterning of graphene is key for device fabrication. We report a way to increase or reduce the number of layers in epitaxial graphene grown on the C-face (0001) of silicon carbide by the deposition of a 120 nm to 150nm-thick silicon nitride mask prior to graphitization. In our process we find that areas covered by a Si-rich SiN mask have three more layers than non-masked areas. Conversely N-rich SiN decreases the thickness by three layers. In both cases the mask decomposes before graphitization is completed. Graphene grown in masked areas show good quality as observed by Raman, AFM and transport data. By tailoring the growth parameters selective graphene growth has been obtained.
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Epitaxial graphene on SiC has great potential for electronics 1, 2 . Because SiC is a monocrystalline semiconducting industrial substrate, epitaxial graphene on SiC is directly compatible with established scalable device fabrication techniques, making it attractive for advanced electronic devices 1, 3 . Patterning of graphene devices is a key step in the fabrication process. In most cases, 2D graphene is first grown then patterned by oxygen plasma. However this etching process increases device edge roughness and degrades transport properties in nanoscale structures. Selective area growth potentially overcomes this difficulty because the graphene edges are annealed at high temperature. Several techniques have been reported for selective area growth of graphene. These include AlN capping 4 , ion implantation of Au or Si
5
, and side-wall nano-ribbons 6 . In this Letter, we report a new method for locally controlling graphene growth. We find that deposition of a 120 nm-to 150 nm-thick silicon nitride mask on C-face (0001) silicon carbide prior to graphitization modifies the relative number of multi-layer epitaxial graphene (MEG) sheets. The silicon nitride mask decomposes and vanishes before graphitization is complete. Interestingly, the stoichiometry of the silicon nitride layers controls whether the silicon nitride layer enhances or suppresses graphene growth relative to uncovered areas. We find that N-rich silicon nitride masks decrease the number of layers by three compared to uncovered regions while Si-rich silicon nitride masks increase thickness by three layers. The graphene layers of samples prepared with nearly stoichiometric silicon nitride show good mobilities (3200 and 7100 cm
). Raman spectroscopy and AFM measurements confirm that the graphene grown in areas initially covered by the mask have good structural quality.
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SiC wafer dies by a high temperate hydrogen etch
7
, silicon nitride is deposited by low-power plasma-enhanced chemical vapor deposition (PECVD) using SiH 4 and NH 3 as precursor gases. A hard mask (glass slide) covers half the SiC die so that the evaporated SiN layer covers only half the sample. We have confirmed by AFM measurements after removing SiN that the plasma does not result in detectable damage to the SiC surface.
We estimate the stoichiometry of the SiN films as a function of the precursor ratio (SiH 4 / NH 3 ) by measuring the refractive index at 632.8 nm, n 632.8 , of the SiN films by using an ellipsometer. Following Refs.
8,9
, n 632.8 is approximately linearly dependent on the ratio Si/N in the deposited film: Si/N = (n 632.8 -1.35)/0.74.
The plot of Fig.1 gives a calibration of the SiN composition as a function of the precursor ratio (SiH 4 / NH 3 ) in the PECVD process, with a reasonably linear fit of Si/N film composition versus precursor ratio. The confinement-controlled sublimation (CCS) growth method is used for graphitization 7 . This technique consists of placing SiC in an enclosed graphite crucible which connects to the vacuum chamber (about 10 The growth process consists of 10 minutes at 800 Ellipsometry measurements on half-masked samples are reported in Table 1 . We observe 2 to 3 additional layers of graphene under the Si-rich initially masked (IM) areas, and consistently 3 fewer layers under the N-rich IM areas, compared to the initially bare (IB) half on each sample. Sample Si4 (Si-rich SiN mask), which had an additional higher temperature annealing step at 1150
• C, shows 4 to 5 additional graphene layers. Raman spectra and AFM topography images of samples N1 and Si1 are shown in Figs 2 and 3 , respectively. Of all the samples studied, the silicon nitride deposited on N1 and Si1 was the closest to stoichiometric Si 3 N 4 , cf Table 1 . These samples had the lowest Raman D peaks, sharpest 2D peaks, and smoothest AFM images, and hence were patterned for electronic measurements.
The AFM images and Raman spectra are similar for the IM and IB areas of N1 and the IM area of Si1, and reveal graphene layers (Figs. 2 and 3) . The graphene 2D and G Raman peaks are clearly identified (the SiC Raman contribution was subtracted). The 2D peak can be fitted by a single Lorentzian centered at 2699 cm is generally very small, and even undetectable for Si1 and N1. This indicates low defect density in the graphene lattice. For the other samples of Table  1 , the 2D peak is centered from 2706 to 2726 cm , consistent with 2D MEG 10 ; however the D peak is higher than for samples S1 and N1, indicating higher defect densities.
The AFM images of Figs. 2 and 3 confirms the presence of graphene, as shown by the MEG characteristic pleat structure 7 . The two images have a comparable RMS surface roughness. Sample S1 is particularly interesting in that the IB area is only partially graphitized while the IM half has about 3 layers of graphene. This indicates selective growth, with graphene where the mask was, and almost no graphene elsewhere. By tuning the growth condition we believe that better selectivity can be achieved.
The IM areas of Si-rich samples were investigated by XPS measurements on sample Si6. Si-rich SiN was deposited on the top half of sample Si6 (Si / N = 1.19). This sample was intentionally only partially graphitized, by removing it from the furnace after two runs of 5 minutes at 1450
• C (this is half the time normally needed to obtain few layer graphene at this temperature). For sub monolayer graphitized samples, ellipsometry does not give conclusive measurements of graphene thickness. The XPS spectrum of Fig.4 shows a carbon-enriched surface on the IM area, with a larger relative number of C-C sp 2 bonds 11 compared to the IB half of the sample, and a ratio of C(1s) signal to the total XPS signal R C1s = 77%, significantly higher than R C1s = 67% measured on the IB area.
Hall bars (5 µm long, 3.5 µm wide) were patterned in sample Si1 and N1 using electron beam lithography, oxygen plasma etching and Ti/Pd/Au contacts (thickness 0.5/20/40 nm). From room temperature Hall and magnetoresistance measurements (Fig.5) , electronic mobilities are found between 3200 and 7100 cm range, as shown in Fig.5 .
The previous masks were deposited on half the area of the samples. We have shown that controlled growth can also be achieved by a local sub-mm Si-rich SiN mask. For this SiN was evaporated through a metallic hard mask provided with a C-shape opening (see Fig.3d ). Like for previous samples, 2 to 3 more graphene layers are grown at the mask location. (20Å compared to 12Å in the bare areas).
The main result of this study is that the presence of a silicon nitride mask evaporated on silicon carbide prior to graphitization enhances (Si-rich SiN mask) or reduces (Nrich) the number of layers grown compared to uncovered areas. Control samples, with no mask, have the same number of layers (within one layer) as the IB areas under the same growth conditions. A simple explanation for the reduction of the number of layers under the N-rich masks would be that graphitization is delayed under the mask, starting only after SiN decomposition. It is known that capping SiC with an AlN mask, that doesn't evaporate, prevents graphene formation 4 . More surprising is the enhanced number of layers under the Si-rich mask. A possibility is that Si dangling bonds present in the Si-rich-SiN mask [12] [13] [14] react with SiC. The role of Si in promoting the growth of graphene was demonstrated by implantation of Si in SiC. The implanted SiC surface results in graphene formation at lower temperature than pristine SiC
5
. Note that we found no evidence for SiC surface modification in the case of N-rich SiN mask, and nitrogen was not detected by XPS once the mask is thermally removed. However definitive explanations concerning these processes are still premature, as further experimental evidence is necessary. We have shown that by using a SiN vanishing mask evaporated onto SiC prior to graphitization a modified graphene layers thickness is achieved between masked and non-masked areas. Depending on its chemical composition (Si-rich or N-rich) the SiN mask acts as an enhancer or inhibitor of graphene growth (+/-3 graphene layers with the present growth conditions). For few layer samples, areas with and without graphene can therefore be produced side by side during the heating process. The mask evaporates during graphene growth so that patterned, mask-free graphene layers are obtained directly in a single heating step. We believe this is a very simple yet potentially quite powerful method to obtain clean patterned graphene structures without the need for postgrowth etching.
